A previous genetic analysis by two-dimensional electrophoresis of wheat leaf proteins led us to hypothesize that several polypeptides were degradation products of the large subunit of ribulose bisphosphate carboxylase/oxygenase (EC 4.1.139).
During protein extraction, cell compartments are broken: proteinases mix with the cell content and degradation products are released in the extract. Thus, additional bands or spots appear on electrophoresis gels, that have no direct physiological or genetic significance. Such a phenomenon has been suggested from a previous work in our laboratory (13) comparing the protein patterns obtained by 2D' gel electrophoresis of leaves from various wheat lines. The analysis of the same nuclear genome on different cytoplasms revealed two distinct patterns: one for the euplasmic lines (Triticum aestivum cytoplasm) and one for the alloplasmic lines (five closely related Aegilops cytoplasms). Among the differences scored between those two cytoplasmic patterns, we noticed that 24 spots, including the cytoplasmically encoded LS of Rubisco (EC 4.1.1.39), exhibited a similar shift for isoelectric point and for mol wt. Genetic arguments (13) led to the suggestion that all these 24 polypeptides were products of the same Rubisco LS gene. Nineteen of those polypeptides had a mol wt lower than the LS. The question remained whether they were prematurely terminated translation intermediaries or degradation products of the LS occurring in vivo or during protein extraction.
In this paper, we report the effect of various extraction experiments on 24 spots related to the LS: the 19 spots of mol wt lower than the LS and five further spots that were not considered by Zivy et al. (13) . All Tris Extraction. Proteins were extracted according to Zivy et al. (13) . One hundred mg of leaf pieces were dry crushed in a mortar cooled by liquid N2. The powder was resuspended at 0°C in 2 ml of 30 mm Tris-Cl1 buffer (pH 8.7) with 1 mm DTT, 1 mm ascorbic acid, 1 mM EDTA-Na2, 5 mM MgCI2, and 12 mg of insoluble PVP. After two centrifugations of the sample (35,300g for 15 and 10 min), ice-cold acetone (8 ml) with 10 mM 2-mercaptoethanol was added to the supernatant, and the proteins were allowed to precipitate for 1 h at -18C. After 10 min of centrifugation at 35,300g, the pellet was air dried and resuspended in 200 Al of O'Farrell 'lysis buffer' (9.5 M urea, 5% 2-mercaptoethanol, 2% Nonidet P 40, 2% ampholytes) (8 (13) . Arrows indicate the 24 spots related to the large subunit of Rubisco (LS spot).
Extraction in the Presence of SDS. After grinding, the leaf powder was submitted to two kinds of extraction procedures.
The SDS Procedure. The powder was resuspended at 0C in 2 ml SDS solution containing 4% SDS, 5% 2-mercaptoethanol, 5% sucrose (5) with 12 mg of insoluble PVP. The mixture was heated in boiling water for 3 min and then twice centrifuged at 35,300g for 15 and 10 min (1). The subsequent procedure is as described for Tris extraction.
The Tris-Cl-Procedure followed by the SDS Procedure. The powder was resuspended first in 2 ml of Tris-Cl-extraction buffer with 12 mg of insoluble PVP. After the second centrifugation, 4% SDS, 5% 2-mercaptoethanol, and 5% sucrose were added to the supernatant which was boiled for 3 min. The subsequent procedure is as above mentioned.
Electrophoresis. The first dimension isoelectric focusing (IEF) was done according to Zivy el al. (13) in 120-mm-long glass tubes with 2 mm i.d. Gel composition was 4% acrylamide, 9.2 M urea, 4% carrier ampholytes, and 2% NP40. The second dimension electrophoresis was performed as described by O'Farrell (8) except for the acrylamide concentration of the gels. We used uniform 1 1% acrylamide running gel (0.15% SDS) and 5% acrylamide stacking gel (0.1% SDS).
The 2D gels were silver stained according to Oakley et al. (7) except for the developer solution that was half-concentrated.
Method of Comparing Gels. Gels were compared to the control by superposing transparent films. The reported results were obtained after observation of at least two well defined gels for each extract.
Intensity changes (increase, stability, decrease, or disappearance) of the 24 spots related to the LS were visually noted. The spot nomenclature is as described by Zivy et al. ( 14) .
RESULTS
The 24 spots examined are shown in Figure I and schematized in Figure 2 . Their variations according to the different extraction procedures are listed in Table I (Fig. 3) .
After the Tris-Cl-procedure followed by the SDS procedure, 23 spots among 24 are much fainter than in the control. Spot 1501 seems not to be altered.
DISCUSSION
The intensity decrease of nearly all the studied spots after extraction in the presence of some proteinase inhibitor mixtures is consistent with our hypothesis that they are degradation products of the LS of Rubisco. It is surprising, however, that these inhibitor mixtures are not more effective under the present conditions: solution A (containing PMSF) that is considered by Scopes (10) to be suitable to prevent proteinase action and a2-macroglobulin (known to be efficient against all kinds of proteinases) (4) have no noticeable effect. Pepstatin and leupeptin, although widely used and recommended (2, 9, 10), and antipain, chymostatin, and elastatinal, are not fully effective since none of the degradation spots disappears.
The fact that gels from an extract kept for 2 h in Tris-Clextraction buffer (pH 8.7) are not very different from the control indicates that the proteinases act either very early in the Tris-Clbuffer or in the urea lysis buffer. The latter hypothesis was retained because after the Tris procedure followed by the SDS procedure, the degradation products are present, but at a very The reported results show that the SDS procedure is a drastic method: many spots of low mol wt are lacking on the gels (Fig.  3) . In particular, all the spots (except 2205) related to the LS of Rubisco dramatically decrease or disappear (Table I ). The heat treatment of the extract in a solution containing 4% SDS (a strong detergent) and 5% 2-mercaptoethanol (a powerful reducer) alters quaternary and tertiary structures of proteins. So it is likely that proteinases also undergo denaturation and lose their activity in this solution.
Among the 24 spots analyzed, only one (spot 2205) has an unexpected behavior. It is only affected by solution E and increases with the SDS procedure although the 23 other spots decrease or disappear. This spot appears to be unrelated to the others and thus might be the product of another cytoplasmic gene, as previously discussed (13) .
CONCLUSION
The experiments described above demonstrate that 23 among the 24 spots related to the LS ofRubisco are degradation products of this polypeptide. This has recently been confirmed in our laboratory by the absence of these spots on 2D gels from an extract passed through an immuno-affinity column prepared with Rubisco antibodies.
The proteinases are active not only with the Tris-Cl-extraction buffer but also and preferentially in the O'Farrell lysis buffer during the resolubilization of the protein pellet at room temperature.
The abundance of Rubisco in green leaves (about 50% of soluble proteins) and its fast degradation (11, 12) may explain the presence of such a high number of degradation products on gels. Since these proteinases are not Rubisco-specific, it is likely that many other proteins are degraded during the Tris extraction procedure. The gels obtained after extraction by heating in the presence of SDS are consistent with this hypothesis as, even if no exhaustive gel analysis has been performed, numerous other spots are lacking (Fig. 3 ) that may also be degradation products. The gels produced by this method permit more accurate genetic or physiological analysis: a better relationship 'one gene product-one spot' can thus be obtained. i.
